Notoginseng, the root of Panax notoginseng, has been used to treat wounds and ulcers for several years in China. However, a rare report was found on the antifungal effect of saponin from notoginseng or a heattransformed one, particularly against dermatophytes. In this study, notoginseng saponin (NS) was heated in a reaction kettle to produce heat-transformed ginsenoside (HTS). Chromatography and spectroscopic characterization revealed that five polar ginsenosides in NS (notoginsenoside-R1, ginsenoside-Rg1, -Re, -Rb2, -Rd) were almost transformed to three less polar ginsenosides in HTS (ginsenoside-Rk3, -Rh4, -Rh5). HTS showed higher inhibitory activity than that of NS against Epidermophyton floccosum, ) and MFC (62.5 mg mL
Introduction
Dermatophytes are a group of fungi that induce dermatophytosis (commonly known as ringworm or tinea) of human keratinous tissues such as skin, hair, and nails.
1 According to the data of the World Health Organization, dermatophytes affected about 25% of the world population with dermatophytosis.
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Among the fungal species isolated from infected skins, Epidermophyton occosum (E. occosum), Trichophyton rubrum (T. rubrum), and Trichophyton mentagrophytes (T. mentagrophytes) were the three frequent dermatophytes in clinical cases of tinea pedis, tinea unguium, tinea corporis, and tinea cruris.
3 These fungi were also reported to induce dermatophytes in clinical cases, 4, 5 and they were chosen to evaluate the antifungal effect of a drug to cure infected skins. [6] [7] [8] [9] Allylamine and azole have been used to treat dermatophytosis for a long time, but they exhibit several side effects, such as cardiac toxicity, hepatotoxicity, inhibited bone marrow, cardiovascular toxicity, and vascular toxicity. [10] [11] [12] [13] [14] [15] In order to nd an alternative treatment, efforts have been made on several phytochemicals with the activity against fungal pathogens, such as the essential oil from aerial parts of Artemisia sieberi Besser, Perilla frutescens (L.) Britt., and the owers of Lavandula stoechas L., Thymus herbabarona Loisel. [16] [17] [18] Notoginseng, the root of Panax notoginseng (Burkill) F. H. Chen (Araliaceae), has been used for thousands of years as food and herbal medicine in China. It was also included as a dietary supplement by the US Dietary Supplement Health and Education Act in 1994. 19 Saponin was reported as the major active ingredient in notoginseng and more than 70 saponins were isolated from this medicinal plant. These saponins showed haemostatic, antioxidant, and hypolipidemic effects. 20 Saponins from natural plants, such as minutoside B, minutoside C, 3-O-a-L-arabinopyranosyl hederagenin 28-O-a-L-rhamnopyranosylester, disporoside A, and
-5b-spirostan-3b-ol, exhibited strong antifungal activity. [21] [22] [23] [24] The polarity of saponin (or ginsenosides in notoginseng) with more than two glucose molecules was higher than the ginsenosides containing only one or two glucose molecules. Ginsenoside with high polarity could be easily dissociated using the reversed-phase separation. 25 Less polar ginsenosides could be isolated from natural notoginseng, but the yield was very low.
Heat transformation was successfully applied to produce more effective chemicals from several natural plants, such as Panax ginseng, Panax quinquefolius, and Panax notoginseng with a high yield.
26-28 However, a rare report was found on the antifungal effect of heat-transformed ginsenosides from notoginseng, particularly against dermatophytes. In this sense, in this study, notoginseng was heat-transformed to get less polar ginsenosides, and the antifungal activity and related mechanism of action were also investigated.
Materials and methods

Materials
High performance liquid chromatography (HPLC) grade acetonitrile and methanol were obtained from Merck (Darmstadt, Germany). Deionized water (18 MV 
Preparation of less polar ginsenosides
The preparation of less polar ginsenoside was performed according to the previous report with slight modication. 29 NS was heated in an MLS-3750 autoclave (Sanyo, Osaka, Japan) at 130 C for 3 h to obtain heat-transformed saponins (HTS). HTS was loaded onto a LH-20 column and sequentially eluted with water and 95% methanol about three BV, respectively. The fractions were collected and evaporated using a rotary evaporator (Buchi, Flawil, St. Gallen, Switzerland) at 55 C to remove methanol and then lyophilized to obtain the dry powder. These fractions were subjected to HPLC analysis.
HPLC analysis
The analysis of less polar ginsenoside was performed according to the previous report with slight modication. 29 Chromatographic analysis for the ginsenosides was performed using a SHIMADZU Prominence LC-20A HPLC instrument (Shimadzu Corporation, Kyoto, Japan) equipped with a YMC-Pack ODS-AM column (4.6 mm Â 250 mm, YMC Co., Ltd., Kyoto, Japan). The detection wavelength was set at 202 nm. The mobile phase consisted of water (A) and acetonitrile (B). A gradient elution was used as follows: 25% B at 0-5 min, 30-32% B at 5-14 min, 32-38% B at 14-28 min, 38-46% B at 28-30 min, 46-74% B at 30-50 min, 74-80% B at 50-51 min, 80-90% B at 51-60 min, 90-100% B at 60-65 min, 100-25% B at 65-70 min. The ow rate was kept at 1 mL min À1 , and the injected volume was 20 mL.
HPLC preparation
An Agilent 1200 HPLC system (Agilent Technologies, Santa Clara, CA, USA) was used to prepare ginsenosides-Rk3, -Rh4, and -Rh5. The chromatographic separation was achieved on a Grace Platinum EPS-C18 preparative column (22 mm Â 250 mm, 5 mm) with a solvent ow rate of 10 mL min À1 at room temperature. HPLC preparation of less ginsenosides was performed according to the analytical method. 29 The mobile phase was composed of water (A) and acetonitrile (B). The collected samples were evaporated under vacuum, lyophilized, and then stored at 4 C.
Antifungal assays
All standard fungal strains were purchased from Guangdong Microbiology Culture Center (Guangzhou, China). Epidermophyton occosum (ATCC 52066), Trichophyton rubrum (ATCC 28188), and Trichophyton mentagrophytes (ATCC 9533) were cultured in SAM for 72 h at 38 C in a YQX-II Anaerobic incubator (Shanghai, China) for further use. The antifungal experiment was performed using the micro dilution method of Yang and Jiang. 30 Cell suspensions were diluted in sterile SAM to provide initial cell counts of about 10 8 colony-forming units per mL (CFU mL
À1
). Miconazole nitrate (2 mg) was dissolved in DMSO (2 mL) for the subsequent antifungal experiments as the positive control. All samples were dissolved in DMSO at the concentration of 10 mg mL À1 .
Minimum inhibitory concentration and minimum fungicidal concentration.
The minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) were determined using the micro dilution method of Kubo and Himejima. 31 Samples were added to the SAM medium to prepare serial 2-fold dilutions (from 1 to 0.125 mg mL À1 for NS and HTS, from 1 to 0.016 mg mL À1 for each ginsenoside monomer). Each dilution (100 mL) and fungal liquid cultured media (100 mL) were added to 96-well microplates, with sterile SAM medium as a control. Aer inoculation, the microplates were incubated at 38 C. MIC corresponded to the lowest concentration of each tested compound that resulted in no visible mycelial growth aer 3 days of incubation. MFC corresponded to the lowest concentration of each tested compound (including negative and positive controls), in which no recovery of a microorganism was observed aer 7 days. Broths with 6.4% (v/v) DMSO were set for growth of control, and miconazole nitrate was used for positive control. Each experiment was performed in triplicate. 2.5.2 Integrity of cell membrane. According to the method of Zhang, 32 the integrity of the cell membrane was evaluated by measuring the release of cell constituents into cell suspension. Cells from the suspension (5 mL) of E. occosum, T. rubrum and T. mentagrophytes were collected by centrifugation for 3 min at 6000 Â g. Then, they were washed three times thoroughly and re-suspended in phosphate-buffered saline (PBS, 0.1 M, pH 7.4). The 5 mL washed suspension was incubated at 38 C for 28 h in the presence of different concentrations of HTS (MIC and MFC), NS (0.125 mg mL À1 ) and DMSO. Then, suspensions were centrifuged at 6500 Â g for 3 min. Aer that, supernatants were collected, diluted with PBS, and transferred into a 96-well microplate. The absorption at 260 nm was measured using a UV-Vis spectrophotometer (Molecular Devices, Sunnyvale, CA, USA). Since the saponin samples showed a little yellow color, their absorptions were corrected using the suspension of PBS (0.1 M, pH 7.4) containing the same concentration of each sample aer 2 min reaction with the tested strains. The untreated cells (control) were corrected with DMSO (6.4%).
Results were expressed in terms of optical density of 260 nm absorbing materials in each interval with respect to the last time. In addition, suspension was also collected to determine the concentration of protein according to Bradford's method.
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Each experiment was performed in triplicate.
Membrane potential.
To analyze the effects of HTS on the metabolic activity changes of fungi, the membrane potential (MP) of the fungi was measured according to the rhodamine uorescence method as described by Comas and Vives-Rego with some modications. 34 Fungal cells were incubated in SAM medium at 38 C for 24 h. The cell solutions (1 Â 10 7 CFU mL À1 ) were added with different concentrations of HTS (MIC and MBC levels) and NS (0.125 mg mL À1 ) and then incubated for 3 h; the untreated cells (control) were corrected with DMSO (6.4%). Rhodamine 123 was added to PBS to obtain a 1 mg mL
À1
stock solution. The suspensions were washed with PBS. Rhodamine 123 was then added to obtain a nal concentration of 2 mg mL À1 . Aer standing in dark for 30 min, samples were completely washed and resuspended in PBS. The cell suspension was transferred into a 96-well microplate and then placed in the spectrouorometer (F-4500, HITACHI, Japan). Rhodamine 123 uorescence was excited at 480 nm and emission wavelength was collected at 530 nm. The data was expressed by mean uorescence intensity (MFI). Each experiment was performed in triplicate.
Statistical analysis
Data were presented as the mean of three replicates AE standard deviation. 3 Results and discussion
Characterization of ginsenosides
Seven ginsenosides were simultaneously identied according to the retention time, HPLC-ESI-MS ion fragments and NMR. The results of ion fragments of ginsenosides were consistent with a previous report. 35 The typical HPLC-UV chromatograms of ginsenosides in raw and transformed fractions are shown in Fig. 1 and -Rd (0.07 AE 0.001 mg mg À1 ). However, aer heat treatment, these ginsenosides were transformed into the less polar ginsenosides of -Rk3, -Rh4, and -Rh5 in HTS. 36 The content of total saponins in HTS (0.707 AE 0.002 mg mg
À1
) was slightly lower than that of NS.
Antifungal activities of NS and HTS
The MIC and MFC of NS and HTS against the three dermatophytes are presented in Table 2 . NS showed an inhibitory effect on the three fungi with MIC of 250 mg mL À1 . At the concentration of 1000 mg mL À1 , NS showed a fungicidal effect on T.
rubrum and T. mentagrophytes. However, HTS exhibited stronger antifungal activity than that of NS with lower MIC and MFC. Among the three fungi, T. rubrum was the most susceptible to HTS, with the lowest MIC. The MIC of HTS against T. rubrum was just double than that of miconazole nitrate, which implied that HTS could also be used as a potent antifungal agent. According to previous investigations, 37,38 ginseng extracts containing polar ginsenosides-Rb1 and -Rg1 did not affect the growth rate of P. aeruginosa, S. aureus, or H. pylori. Interestingly, less polar ginsenosides produced from American ginseng by heat transformation showed inhibitory activity against antiPropionibacterium acnes. 39 In addition, less polar ginsenosides in heat-transformed saponins from American ginseng leaf-stem also showed a signicant anti-bacterial effect. 29 It might be concluded that the antimicrobial activity of ginsenosides was related to their polarity and less polar ginsenoside was more effective than the high polar one against fungi. 29 
Antifungal activities of different ginsenoside monomers and structure-activity relationship analysis
In order to nd which ginsenoside monomers were responsible for the antifungal effects of NS and HTS, all 8 ginsenoside monomers were prepared and their antifungal activities were tested. As shown in Table 3 , it was found that -Rg1 exhibited the lowest MIC and MFC among the ve ginsenosides in NS. Referring to HTS, the three ginsenoside monomers of -Rk3, -Rh4, and -Rh5 displayed the same role, being similar in both MIC and MFC. The three less polar ginsenosides showed superior antifungal effect than that of the other ve polar monomers.
As shown in Fig. 2 and Table 3 , ginsenosides-R1, -Re, -Rb1 and -Rd, with more than three sugar moieties, showed inhibitory effects on fungi with an MIC of 250 mg mL À1 .
Ginsenoside-Rg1, with two sugar chains, showed a higher antifungal effect than that of the former ones with the lower MIC values. Ginsenosides-Rk3, -Rh4, and -Rh5, with one sugar chain, showed the highest inhibitory activity with the lowest MIC values among the monomers. It might be concluded that the antifungal effect of ginsenosides was negatively correlated with the number of sugar moieties.
Antifungal mechanism
The integrity of the cytoplasmic membrane is a critical factor to fungus growth, metabolism, and reproduction. Analyzing the leakage of cell constituents can therefore provide further insight into the mechanism of antifungal action. Investigation on the release of fungal cell constituents, such as DNA and protein, provides interesting information about the integrity of the cell membrane. 40 The results of OD 260 nm and protein concentrations are shown in Fig. 3 and 4 , respectively. With the presence of HTS, the OD 260 nm values for all the three dermatophytes were signicantly increased (p < 0.05), compared with those of the control at 28 h. The absorbance value for nucleic acids (OD 260 nm ) of E. occosum increased from 0 h to 12 h. Aer 12 h, the OD 260 nm value of E. occosum showed almost no growth. Under similar conditions, there was a progressive release of nucleic acids of T. mentagrophytes and T. rubrum for up to almost 12, h followed by a steady state. In addition, at 26 h, the released protein concentrations of all the strains also increased signicantly (p < 0.05) aer the addition of HTS, particularly at the concentration of MFC. Interestingly, fungi treated with NS showed no signicant difference from the control on OD 260 nm values and protein concentrations. This result explicitly indicates that fungal cell membrane integrity was compromised aer exposure to less polar ginsenosides.
The membrane potential of normal fungus was generated by the difference in the concentration of ions on opposite sides of the cell membrane. MP alteration of fungus could affect its cell metabolic activity. 41 In this study, MP was illuminated by MFI of rhodamine 123, and the result is presented in Fig. 5 . Aer the addition of HTS at the concentration of MIC, the MFI value of fungi was reduced by 65.33, 26.44 and 42.71 percent compared with the control, respectively. Furthermore, HTS at the concentration of MFC induced 80.01, 69.31, and 79.21 percent decrease of MFI for the fungi, respectively. However, NS did not signicantly reduce the MFI of fungi. In the present study, fungal MP was directly correlated with the MFI. Therefore, HTS could signicantly reduce the MP of dermatophytes. The reduction of MP revealed that cell membrane depolarization leads to irregular cell metabolic activity and fungus death.
Conclusion
This study clearly indicated that HTS exerted higher antifungal activities than those of NS. One major reason that explained this fact was that less polar ginsenosides in HTS were easier to interact with the fungal cell membranes and damage the integrity of the membrane, as well as decreasing the membrane potential. Based on the structure-activity relationships and wide spectrum against dermatophytes, HTS from notoginseng could be applied as antifungal agents to treat ringworm.
